A part of apples destined to juice production is generally of poor quality. Apples from cold storage or recently harvest (ground harvested or low quality apples) are stored under ambient conditions until they are processed. Since Penicillium expansum and P. griseofulvum are the principal fungal species isolated from stored apples in Brazil, the objective of this study was to investigate the ability of these strains to produce patulin in apples and report the consequences of this type of storage in loss of quality. The toxin was quantified using thin layer chromatography and charge-coupled device camera (TLC-CCD). The rate and quantities that P. expansum and P. griseofulvum can grow and produce patulin are highly dependent on the fungal strain and time. Lesion diameter resulted to be independent of the strain considered. The maximum period of time which apples were kept at cold storage (4 °C) without patulin accumulation was 27 days.
INTRODUCTION
Penicillium spp. are the major responsible of fruit decaying in stored apples (18) . P. expansum and P. griseofulvum produce patulin, a mycotoxin. Patulin (4- hydroxy-4H-furo [3,2c] pyran,2[6H]-one) has been reported as mutagenic and cause neurotoxic, immunotoxic and gastrointestinal effects in animals (4, 19) . Moreover patulin is a potential genotoxic with ability to induce oxidative DNA damage in human cells, which is considered to play a role in mutagenesis and cancer initiation (8) . Patulin is found mainly in low quality apples diverted to production of apple byproducts. This toxin is an unsaturated heterocyclic lactone and it is highly stable in acidic conditions, such as those found in apple-based products.
Due to its toxicity and the possibility of using patulin as a quality indicator in foods, the Codex Alimentarius Commission has considered acceptable a maximum concentration of 50 µg.L -1 of patulin in apple juice. In European Union the maximum level allowed for apple products intended for infants and young children is 10 µg.kg -1 (21) .
P. expansum is a psychotropic mould and the most Patulin accumulation P. expansum and P. griseofulvum common pathogens of fruits; it causes blue mold rot on fruits, especially apples during storage (15, 22) . Damaged and mature fruits show the greatest susceptibility to this mould.
Postharvest spoilage of fruits results in abbreviated shelf-life and significant economic losses to the fruit industry. Since P.
expansum and P. griseofulvum are the principal fungal species isolated from cold stored apples in Brazil, it is important to know the influence of different storage conditions on its ability to growth and produce patulin in apples (23) .
Some works have studied the decay caused by P.
expansum in apples (2, 12, 13, 18 In some cases, part of apples harvested is not suitable for fresh market because of their low quality. These apples are generally used to production of juice. Some juice industries
keep apples in open deck storage for considerable periods of time before the processing. In apple products production, patulin is accumulated before industrial processing begins (29) .
The aim of this study was to investigate the ability of different strains of P. expansum and P. griseofulvum to produce patulin in apples incubated at 25 °C and cold stored at 4 °C and evaluate the loss of quality of apples. and P. griseofulvum (PG30 and PG12) proved to be patulin producers.
MATERIAL AND METHODS

Fruits
Inoculum preparation
For inoculum preparation, firstly the fungus were Apples were placed in sterile 500 mL glass containers.
Storage treatments
Eighty four apples were incubated for 1, 3, 5 and 7 days at 25 °C. Twenty one apples were stored for 30 days at 4 °C and after this period were kept at 25 °C during 3 days to simulate the time that apples are kept at ambient temperature in transport or storage before processing. Apples stored at 4 ºC were periodically checked until fungal growth was observed.
To prevent anaerobic conditions being generated due to the respiration of the apples and fungi, the containers were opened in a sterile environment every day for apples stored at 25 °C and every 5 days for apples stored at 4 °C. Each experiment in each tested temperature and time was done in triplicate. The lesion diameters were measured after each storage time. A control was done for each storage treatment (sterile water with 0.005% of Tween 80). 
Analysis of patulin accumulation in apples by
Statistical analysis
The lesion diameters and patulin produced for each strain were evaluated by analysis of variance (ANOVA) at p<0.05 using R programming language for statistic (www.rproject.org). This software is freely available and it is appropriate for the current application. Seven strains including P. expansum and P. griseofulvum were tested in order to evaluated the correlation between strain, lesion diameter and patulin production.
RESULTS AND DISCUSSION
The present assay studied the consequences of temperature and time of storage in development of lesions and patulin accumulation. The ability to produce patulin of different strains of P. expansum and P. griseofulvum was investigate in apples incubated at 25 °C and cold stored at 4 °C. These temperatures were chosen to evaluate the storage at ambient or refrigeration temperature that apples are kept before juice production. The loss of quality was reported through the measuring as lesion diameter which it is related to the capability of the mould to colonize apple. The Fuji apple variety was chosen for this study because it is one of the most cultivated in Brazil.
No lesions were detected in control apples either after Significantly bigger sizes of lesions were observed when apple were kept at 25 °C after 7 days. After this period, lesion size was more than half of the apple. PE51 on the other hand was the P. expansum strain which produced lower patulin content (2883 ± 578 µg.kg -1 ) after 7 days at 25 °C. Considering only P. griseofulvum strains, PG12
and PG30 produced 1700 ± 90 µg.kg -1 and 2700 ± 150 µg.kg -1 , respectively.
When apples are infected with fungal spores it is quite difficult to avoid fruit spoilage even if fruits are stored at low temperatures (5). In our assay, patulin was produced in apples at 4 °C only after 27 days by some strains of P. expansum and P. griseofulvum (PE39, PE45, PG30 and PG12), but levels produced were low (22 ± 3, 70 ± 10, 47 ± 9, 11 ± 4 µg.kg -1 respectively). The maximum period of time which apples were kept at cold storage (4 °C) without patulin accumulation was 27 days.
In apples kept at 4 ºC for 30 days it was possible to see small lesion diameter, even for the strains that produced no patulin. Thus, growth of P. expansum during cold storage is not prevented although it is significantly reduced.
At 4 ºC, patulin content increased with the increase of lesion diameter. No significant difference was observed between strains of P. expansum and P. griseofulvum in relation to lesion diameter ( = 0.01). The lesion diameter was higher than 3 mm after 30 days at 4 ºC for all strains. After this period the apples were kept at 25 °C during 3 days. We observed that both factors lesion diameter and patulin production increased significantly (Figure 3a) . The storage of apples for 3 days at 25 ºC led to an average growth of lesion diameter of more than seven times comparing with the lesion observed at the end of cold storage. This represents the loss of quality of apples increased considerably during the storage without refrigeration.
In apples kept at 25 ºC for 3 days (after cold storage at 4 ºC for 30 days), the lesion diameters caused by strains PE39, PE45, PE51, PE8, PG30 and PG12 were 37 ± 1, 35 ± 2, 24 ± 1.8, 22 ± 1.9, 31 ± 1.3 and 33 ± 1.6 mm respectively.
In relation of patulin levels, the patulin produced at 4 ºC for 30 days by strains PE39, PE45, PG30 and PG12 were 40 ± griseofulvum (strains PG30 and PG12) in apples at 4°C during 30 days and after this period kept at 25°C after 3 days.
The strain PE51 did not produce patulin after 30 days at 4 °C. However, when kept at 25 °C during 3 days occurred significantly patulin production (370 ± 16 µg.kg -1 ). In contrast, the strains PE8 did not produced patulin either after 30 days at 4 ºC or after 25 °C during 3 days (Figure 3b ).
In the present work we analyzed the decayed area and 1 cm below the decayed tissue of apples. Laidou et al. (8) demonstrated that patulin is also found in sound tissues.
Rychlik and Schieberle (19) showed that the diffusion of It is important to study patulin production in a specific apple cultivar and strain of P. expansum and P. griseofulvum previously confirmed to be patulin producer. This is the first report about effect of storage temperature on growth rate and Patulin accumulation P. expansum and P. griseofulvum conditions of patulin production by P. griseofulvum. This study is focused on normal atmosphere cold storage condition.
However, studies have used controlled atmosphere to fruit storage, this practice is becoming common and it is an efficient practice to prevent or decrease patulin production (2, 13).
Several studies have assayed the efficiency of some methods to reduce patulin content in fruit before processing.
Removal of decayed tissue or washing before processing reduces patulin levels in final products (23) . In our previous research we evaluated juices produced by an industry using apple naturally contaminated with P. expansum and P. Penicillium strains only after a day at 25 ºC.
Fruits are usually stored at refrigerator temperature mainly to delay senescence but also to suppress postharvest decay.
Although decay proceeds slowly at cold storage temperatures, rapid development occurs when the fruit is transferred to a warm environment. The storage at 25 ºC after cold storage leads to a rapid development of decayed tissue and patulin accumulation. These results confirm that time in which apples were kept at ambient deck storage before being processed is critical in order to prevent patulin accumulation.
In Brazil, apples supplied to apple juice elaborators include those rejected for fresh consumption. Ground harvested apples or apples with evident lesion when harvested are diverted to apple processing plants. Storage at room temperature leads to a rapid development of decayed tissue and patulin accumulation in apples. Then, storage time is a critical control point (CCP) in apple juice production. Considering our results, industries should assess quality of apples entering the processing plant and minimize the ambient deck storage of fruits.
